The results suggest that a short interval but excessive acidic stimulation may be one of the signals that raises [Ca2+]i in a certain population of cerebral astrocytes.
Of all the cells, 45.4% showed a transient pattern and 30.2% manifested a sustained pattern.
The results suggest that a short interval but excessive acidic stimulation may be one of the signals that raises [Ca2+]i in a certain population of cerebral astrocytes. Introduction Reactive gliosis in the central nervous system is induced by a variety of insults, including brain ischemia and hypoxia. However, little is known about the cellular and molecular signals that activate the astrocyte response to brain ischemia and hypoxia.
Brain ischemia depletes glucose and glycogen stores and disturbs the oxygen supply. Anaerobic glycolysis is accompanied by a large increase in the lactic acid level. Lactic acid accumulation and increased pCO2 cause extracellular acidosis [11, 21, 26, 34] . Decreasing extracellular pH (pHo) of cultured astrocytes provokes rapid increases in immunoreactivity in glial fibrillary acidic protein (GFAP), and these increases are attenuated by Ca2+ channel blockers [27] .
Recent works have shown glial cells respond to many kinds of simulations with temporal and spatial Ca2+ changes [4, 5, 12, 17, 23, 24] . Examples of such stimuli are neurotransmitters (glutamate, serotonin and histamine), and membrane depolarization induced by an increased extracellular K+ concentration.
Glial cells are believed to play a role in ionic homeostasis in the central nervous system with respect to the regulation of K+ [14, 15, 32] and pH [1, 2, 6, 7, 9] .
The close interrelationship has been reported between intracellular calcium concentration ([Ca2+]i) and intracellular pH (pHi) in various cells [3, 10, 16, 18] 
III. Results
Eighty six astrocytes prepared in primary cultures were stimulated twice or thrice by bathing in acidic perfusate solution, although not all the cells responded equipotently.
Increases in [Ca2+]i in the cytoplasm and nucleus evoked by the reduction in pHo were observed in some cells studied. Responses occurred at the beginning of stimulation (on stimulation) and/or after stimulation (during reperfusion).
In addition, temporal elevation patterns were different among the cells.
[Ca2+]i; increased and decreased steeply (transient pattern) in some cells and the index increased steeply but decrease slowly (sustained pattern) in other cells. A cell responding at least once of two or three times was counted as responsive. Table 1 shows the frequency in each responsive patten in cytoplasm.
We expressed the data by the fluorescence ratio (F405/ F480) rather than calcium concentrations, because it is difficult to calculate a calcium concentration from fluorescence ratio when pHi is inconsistent (see Discussion).
One of the cells responded with a transient pattern (Figs. 1, 2) , while another with a sustained pattern (Figs. 3,  4) . Fig. 5 shows elevation of the fluorescence ratio at each pattern.
The resting ratio was defined as the value measured about 20 min after termination of the indo-1/AM loading and before delivering any experimental stimulation.
IV. Discussion
Previous studies on a variety of cells have shown that a reduction in pHo results in increases in [Ca2+]i [3, 10, 16, 18, 25, 29, 31] . It is difficult, however, to investigate the effect on changes in [Ca2+]i of pHo or pHi separately, since the latter seems to be highly dependent on the former [19, 20, 28] . The calibration which enabled us to calculate a calcium concentration from fluorescence ratio [13] depended on the pH. We performed the calibration at pH 7.2, a Ratio profiles at cytoplasm (white arrow) and nucleus (black arrow) of Xt-image (Fig. 1B) . The ratio increased and decreased steeply, showing a transient pattern.
The increase of ratio in the nucleus was slower than that in the cytoplasm. Ratio profiles at cytoplasm (white arrow) and nucleus (black arrow) of Xt-image (Fig. 3B) value supposed to indicate the resting pHi level. Since a lower pH indicates the higher dissociation constants of EGTA and Ca2+ [33] , changing the pH in EGTA-buffered calcium solutions influenced the dissociation constants of Ca2+ and indo-1 and portrayed different calibration curves. Consequently, the same ratio indicated a higher calcium concentration at lower pH. Therefore, it is difficult to evaluate changes of calcium concentrations calculated from fluorescence ratio when pHi is changing.
Little is known about the signals that induce reactive gliosis. Acidic pHo increases immunoreactivity in GFAP independently of protein synthesis and this effect is attenuated by Ca2+ channel antagonist [27] . Our study indicated that decreased pHo induced increases in cytoplasmic and nuclear [Ca2+]i. Therefore, changes in [Ca2+]i may serve as one of the signals for reactive gliosis. Certain mechanisms are considered to regulate the pHi. It has been reported that a strong candidate for pHi regulation is Na+-H+ exchanger in cultured neurons [28] and that glial cells have Na+-HCO3-cotransporter [8] , Na+-H+ antiporter and HCO3--C1-exchanger [19] . An increase in intracellular Na+ induced by these pumps might evoke changes in [Ca2+]i by Na+-Ca2+ pump or voltage dependent Ca2+ channel. Differences among the responsive patterns would be due to dominance of Na+-Ca2+ pump or Ca2+ channel. Moreover, lowering pHo stimulates a release of calcium from intracellular stores [29, 31] .
In our findings, decreased pHo did not induce changes in [Ca2+]i of all cultured astrocytes equally. All cells studied were regarded as astrocytes, since they were morphologically similar to type-1 astrocytes [30] and reacted positive to GFAP. In other studies, decreased pHo does not change [Ca2+]i in all cultured neurons [29] and histamine increases [Ca2+]i in cultured astrocytes in part [12] . Responses may differ from at the site of cerebrum recorded, sensitivity may differ in each cell, or they may have subpopulations.
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